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Introduction. 

The Tertiary and Quaternary formations of the West Coast 
of North America offer peculiar advantages for the study of 
climatic relations, for they are strung out along the coast 
from the equator to the boreal regions, and their faunas and 
floras may be compared with Recent faunas and floras in the 
same latitudes. 

The Recent faunas of the West Coast, from the Galapagos 
Islands and Panama northward to Alaska, are well known, 
in publications and collections. The climatic conditions under 
which they live are known, and the range of species with 
reference to temperature of the water has been determined. 
By comparison with Recent faunas of the same region the 
climatic conditions (temperature) of a fossil fauna may be 
estimated, and the position of the isotherms plotted, with con- 
siderable accuracy. This accuracy naturally decreases as we 
go back in time, and the number of Recent species in the 
fossil fauna decreases to little or nothing. There are nearly 
400 Recent species in the Quaternary faunas of the West 
Coast; of these nearly 100 range down into Pliocene, and 
over 50 into Miocene. No Recent species ranges back to 
Eocene, but most of the genera of that age are still repre- 
sented somewhere in the world, and make possible accurate 
conclusions concerning the physical conditions of that time. 

The writer has arranged at Stanford University an exhibi- 
tion set of the marine faunas of the West Coast, from Eocene 
to the present, and from the equator to the Gulf of Alaska. 
This set corresponds to the accompanying correlation and 
climatic chart, the successive faunas being placed in parallel 
columns, so that each fossil fauna is in line with the cor- 
responding Recent fauna of the same latitude. 

The major geographic divisions used were as follows, from 
south to north: (1) Lower California and the Gulf of Cali- 
fornia; (2) Southern California; (3) Middle California; 
(4) Puget Sound; (5) Alaskan Gulf. The material in the 
exhibition set is necessarily not so detailed as that in the lists 
given below. And in these lists no attempt at completeness is 
made. Only those forms are listed that are really character- 
istic, that tell a definite story as to geographic range dr 
geologic age. 



PROC. CAL ACAD. SCI., 4th Series, Vol. IX 



[SMITH] Plate 9 



CLIMATIC RELATIONS OF WEST COAST TERTIARY AND QUATERNARY 




Cool Temperate 



Warm Temperate 



Tropical 



126 



CALIFORNIA ACADEMY OF SCIENCES [Pkoc. 4th See. 



We have thus a series of columnar sections from Eocene 
to the present, strung out from the equator to the Gulf of 
Alaska, at intervals of from 5° to 15°, giving good repre- 
sentatives of the Tertiary and Quaternary faunas of the tropi- 
cal, subtropical, warm temperate, cold temperate, and sub- 
boreal zones; also for comparison, the Recent faunas of the 
same latitudes. We have also fossil floras of Eocene, Oligo- 
cene, Miocene and Pliocene, to check the results obtained from 
the faunas. 

Quaternary faunas, as should be expected, are better repre- 
sented than Tertiary, though this is true only on the West 
Coast. We have Quaternary faunas from Manta, Ecuador, 
and the Galapagos Islands under the equator ; Magdalena Bay, 
Lower California, lat. 24° 30' N. ; San Ignacio Lagoon, lat. 
27° N. ; Cerros Island, lat. 28° N. ; San Diego to Santa Bar- 
bara, southern California, lat. 33° to 34° 30' N. ; San Fran- 
cisco Peninsula, lat. 37° 30' N. : Cape Blanco, Oregon, lat. 
43° N. ; Victoria, Vancouver Island, lat. 48° N. ; Douglas 
Island, Alaska, lat. 58° N.; and Cape Nome, lat. 64° N. 
These Quaternary faunas range from tropical to boreal, as they 
should, keeping pace with the Recent faunas, but showing in 
many cases great displacement of the isotherms, as compared 
with the present. 

The Pliocene faunas, stretched out in the same way, show 
still greater displacement of the isotherms in some cases, 
which becomes more strongly marked in the Miocene. The 
extreme is reached in the Eocene, when a tropical temperature 
extended from the equator to Alaska, strongly contrasted with 
lower Quaternary, when a sub-boreal temperature extended 
down nearly to San Diego. 

The constant fall of temperature from Eocene to lower 
Quaternary, and the temporary rise in the upper San Pedro, 
were not confined to the West Coast, being apparent also in 
the Atlantic and the Mediterranean regions. But the evidence 
of its great regularity is almost peculiar to western America. 

It is important to know upon what basis a given fauna is 
assigned to a certain horizon, and also what genera or species 
are used as climatic criteria. Not all genera or species are 
equally characteristic, nor are they equally characteristic in 
different geographic zones. Cucullcea is an Eocene genus in 
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California, but is still living in the Indian Ocean region. 
Lyropecten is a Miocene group in middle California, survives 
into lower Pliocene in southern California, and is still living 
in Lower California. Miopleionia is an Oligocene genus in 
the Puget Sound region, but in middle California is character- 
istic of lower Pliocene. 

The writer has prepared a table of diagnostic forms used 
as criteria in determining the age of West Coast formations. 
This table is given below. But since an important genus or 
species may be common in one geographic region and lacking 
in another, or may be characteristic of a certain horizon in 
one and of a different horizon in another region, still another 
table has been prepared, showing the climatic as well as geo- 
logic range of the important forms. This brings out espe- 
cially well the differences in geologic range of the same species 
in different latitudes. In this table the occurrence of a form 
is registered with ( + ), and the absence of a form from a 
horizon in one province is registered with (0). 

Diagnostic Forms in West Coast Neozoic Faunas. 

eocene. 

Many extinct genera: Strepsidura, Ficopsis, Perissolax; 

many genera now confined to the tropics : Avicula , Crassatel- 
lites Cucullcea, giant Lima , Meretrix, giant V enericardia, 
Ancillaria, giant Conus, Cassis, Murex , Rimella, S trombus, 
Terebellum, Turbinella, Volutilithes, true Nautilus, spatangoid 
sea-urchins, and cidaroids (absence of all ammonites, Inocer - 
amus, belemnites, Exogyra and Trigonia ). No climatic zones, 
and faunas not yet provincial. 

OLIGOCENE. 

Survival of many Eocene genera, but appearance of more 
modern types; modern groups of Pecten, especially Chlamys; 
Spisula, Panopcea, Phacoides ; modern groups of Veneridce, 
especially Chione and Macrocallista; Agasoma , Dolium, Mio- 
pleionia, Priscofusus, Molopophorus , Strepsidura, Turcicida, 
Aturia. First appearance of modern species of Mollusca: 
Panopcea generosa, Macoma nasuta, Thracia trapezoidea, 



128 



CALIFORNIA ACADEMY OF SCIENCES [Proc. 4th Ser. 



Thyasira bisects Fewer tropical genera than in Eocene. 
Faunas already provincial, but climatic zones not yet definitely 
established. 

MIOCENE. 

Numerous Pecten : Lyropecten, Amusium, Patinopecten, 
Janira, Spondylus; Veneridce abundant: Chione ancestral to 
modern groups, Amiantis, Dosinia, Tivcla ; giant Ostrea; giant 
Cardium; Pinna; Avicula; Agasoma, Astrcea, giant Conns , 
Ficus, Mitra, Molopophorus, Miopleionia, Nassa , Oliva , Pris- 
cofnsus, Purpura, Trophon, Turritella, Rapana, Astrodapsis , 
Clypeaster , Dendraster, Scutella. Disappearance in later 
Miocene of most of the tropical genera, and reduction in size 
of most of the remaining ones. Notable exception to this is 
the great increase in the size of the pectens and oysters, which 
are veritable giants. Few extinct genera: Molopophorus, 
Agasoma, Miopleionia, Astrodapsis . Climatic zones developed, 
but not sharply defined. Faunas distinctly provincial. Many 
modem species. 

PLIOCENE. 

Dwarf V enericardia, Area, Cardium, Chione, Spisula, 
Patinopecten, Chlamys, Janira, PapJiia; Fusus, Chrysodomus, 
Purpura, Nassa, Dendraster . Climatic zones already sharply 
defined in lower Pliocene, with Miopleionia, giant Chryso- 
domus, Buccinum, Volutopsius, and Patinopecten in northern 
California; and Lyropecten, Janira, abundant Chione , Dosinia, 
Ficus, Murex, and giant Conus in southern California. The 
Wildcat fauna of Humboldt County, California, was cold 
temperate, the Purisima of middle California was warm tem- 
perate, while the Fernando of southern California was sub- 
tropical, all contemporaneous. 

Miopleionia and Astrodapsis are the only extinct genera, but 
there are many now extinct in the Californian province. More 
than half of the Pliocene species are still living. 

QUATERNARY. 

Fauna like the Recent, but with rapidly shifting climatic 
zones, northern species ranging southward in lower Pleistocene, 
and southern species ranging northward in upper Pleistocene. 
Few extinct species, but many extinct locally. 
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Derivation of Tertiary Marine Faunas of California. 

The marine faunas of Tertiary and Recent time on the coast 
of California must be either endemic or immigrants. There are 
certain persistent stocks that appear to give us a continuous 
line from Eocene time, but the great majority are unmistake- 
ably immigrants. The regions from which they may have 
come are so limited in number and so characteristic in their 
faunas that it is comparatively easy to determine the kinship 
and probable origin of the successive faunas in the California 
province. 

The Martinez Eocene has strong Oriental affinities, shown 
in: Ovula, Xenophora , and the Tndicla group. The Tejon 
Eocene, while having some Oriental survivors, such as Rimella , 
Terebellum and the Tiidiela group, is clearly Caribbean in kin- 
ship, in proof of which may be cited the Venericardia planicosta 
fauna, which came in from the Atlantic region through the 
Panama portal. 

The Oligocene is decidedly Oriental, as shown by the in- 
coming of Voliita (Miopleionia ) , Dolinin, and Japanese types 
of Nncula. The incoming of these forms is accompanied by 
the advent of northern species: Thyasira bisecta, Phacoides 

acutilineatus , Solemya , and Turcicula. 

The lower Miocene Vaqueros fauna retains some Oriental 
survivors, such as Rapana , but is, in the main, Caribbean in 
kinship. The Lyropectcn group is the most characteristic 
Caribbean element, having been present in that region already 
in Oligocene, and wholly lacking on the Pacific coast in that 
epoch. 

R. E. Dickerson* has shown that in lower Miocene time 
there was probably a connection between the Caribbean and 
the Pacific. This is borne out not only by the occurrence of 
Lyropecten , but also by Dosinia and the giant oysters. 

In the Temblor epoch of the lower Miocene there is no 
further suggestion of Caribbean immigration, although Lyro- 
pecten is still exceedingly abundant. There is, however, a 
suggestion of renewed Oriental immigration in the Pecten 
groups, Pallium and Amusium . 

The upper Miocene faunas appear to be endemic, or descend- 
ants of those that preceded them, the only outside increments 



* Proc. Calif. Acad. Sci., 4th ser., vol. 7, p. 197, et seq. 
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being gradually increasing numbers of northern types such as 
Chrysodomus. 

In the lower Pliocene there is a great influx of northern 
forms such as Chrysodomus and Patinopecten , accompanied by 
some Oriental elements such as Haliotis, and Pallium. These 
mingled in southern California with northward-moving species 
from the Panama fauna. 

In upper Pliocene the tropical species are nearly all gone, 
and the fauna of Puget Sound has extended its sway southward 
to San Diego. The relationships of the lower San Pedro 
Pleistocene fauna are the same as those of the upper Pliocene, 
with the northern facies still more distinct. 

The upper San Pedro fauna is southern in kinship, with 
many species now living only in the Panama region. 



Climatic Range of West Coast Tertiary Forms 
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It will be seen from the table, and the lists included in this 
paper, that Patinopecten ( Pecten caurinus), dwarf Veneri- 
cardia, giant Chrysodomus , Phacoides annulatus, and Miople- 
ionia are northern types, appearing first in the northern region, 
making their way southward as the temperature was lowered, 
all reaching southern California in the lower Pliocene. 
Miopleionia perished there, but the others continued to live on 
until the present, holding out in their northern home, where 
the proper temperature for them still prevails. 

On the other hand, giant Venericardia, giant Conus, giant 
Turritella, Chione of the gnidia group, Dosinia , Lyropecten 
and Ficus are southern, tropical, types. They doubtless ap- 
peared first in the south, but ranged far to the north in early 
Tertiary times. Giant Venericardia has found no dwelling 
place north of the tropics since Eocene; giant Turritella has 
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been confined to the torrid zone since lower Miocene; Ficus , 
Lyropecten, Janira and Astrodapsis retreated southward, and 
are found in southern California in the lower Pliocene, Fer- 
nando, where Astrodapsis became extinct. Ficus and Lyro- 
pecten retreated still further south, but the latter, along with 
Janira and Dosinia, reappears in the warm water upper San 
Pedro epoch. All these forms, with the exception of Astro- 
dapsis, are still abundantly represented in the Gulf or Panama 
fauna, and Astrodapsis has there a very near relative in 
Clypeaster. These are only a few out of the many examples 
that might be brought up. 



Climatic Distribution of Recent Marine Faunas of 
the West Coast. 

L Alaskan Gulf (Gulf of Alaska to Vancouver Island, lat. 
60°-50° N., min. temp. 44° F.). Astarte borealis Schum., 
Astarte alaskensis Dali, Cardium calif orniense Desh., Glyci- 
meris scptentrionalis Midd., Macoma middendorM Dali, Mya 
trnncata L., Pecten liastatus Sby., Pecten islandicus Sby., 
Peronidea lutea Gray, Serripes grcenlandicus Gmel., Saxicava 
arctica L., Siliqua patida Dixon, Spisida alaskana Dali, Thya- 
sira bisecta Con., V enericardia alaskana Dali, V enericardia 
crassidens B. & S., Bela harpa Dali, Beringitts morchianus Dali, 
Beringius kennicotti Dali, Beringius crebrico status Dali, Buc- 
cinttm alcuticum Dali, Buccinum morchianum Fisch., Buccinum 
glaciate L., Chrysodomus amiantus Dali, CJirysodonius liratus 
Martyn, Chrysodomus magnus Dali, Natica pallida B. & S., 
Sipho halibrectns Dali, Tritonofusus halli Dali, Tritonofusus 
rectirostris Carp., Turns circinata Dali, V olutopsius castaneus 
Morch., Volutopsiiis kobelti Dali, Volutoharpa ampullacea 
Midd., Scutella parma Lam., Strongylocentrotus drcebachiensis 
Say. 

The Alaskan Gulf fauna contains a large number of circum- 
boreal species, some of which are also common to the North 
Atlantic. 

II. Puget Sound (Vancouver Island to Cape Mendocino, 
lat. 50°-40° N., min. temp. 50° F.). Astarte compactaC arp., 
Glycimeris scptentrionalis Midd., Kennerleya grandis Rv., Leda 
fossa Baird, Marcia kennerleyi Rv., Marcia subdiaphana Carp., 
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Panomya ampla Dali, Panopea generosa Gld., Pecten canrinus 
Gld., Pecten hericeus Gould, Phacoides annulatus Rv., Saxi- 
domus giganteus Desh., Siliqua nuttalli Con., Thracia trapezoi - 
dca Con., Thyasira bisecta Con., Venericardia ventricosa 
Gld., Amphissa corrngata Rv., Boreotrophon gracilis Perry, 
Boreotroplion stuarti Smith, Chrysodomus phoeniceus Dali, 
Chrysodomus tabulatus Baird, Haliotis gigantea Chem., Natica 
clausa B. & S., Purpura foliata Martyn, Tritonofusus jordani 
Dali, Trichotropis cancellata Hds., Turris perversa Gabb. 

The Puget Sound fauna contains a considerable number of 
circumboreal species, also several inhabitants of the Japanese 
coast that are not circumboreal. The influx of circumpolar 
species is probably going on now, but that from Japan cer- 
tainly is not. All the species on the northwest coast that are 
common to Japan date back to Pliocene time, when the con- 
figuration of the coast-line, and the climate permitted free 
intermigration between the two regions. 

III. Middle California (Cape Mendocino to Point Concep- 
tion, lat. 40°-34° 30' N., min temp. 54° F.). Cardium corbis 
Martyn, Pandora punctata Carp., Paphia staniinea Con., Paphia 
tenerrima Carp., Macoma bodegensis Hds., Modiolus flabella- 
tus Gld., Schizothcerus nuttalli Con., Tivela crassatelloides 
Con., Yoldia cooperi Gabb, Bathytoma carpenteriana Gabb, 
Calliostoma canaliculatum Martyn, Cancellaria crawfordiana 
Dali, Chlorostoma montereyi Kien., Gyrineum calif ornicum 
Hds., Lucapina crenulata Sby., Nassa fossata Gld., Nassa per - 
pinguis Gld., Poliniccs lezvisii Gld., Haliotis rufescens Swain, 
Dendraster excentricus Esch., Strongylocentrotus purpiiratus 
Stimp. 

There are few characteristic species confined to this province. 
The fauna is chiefly composed of northern species ranging 
southward, and southern species ranging northward. 

IV. Southern California (Point Conception, California, to 
Cerros Island, Lower California, lat. 34° 30' to 28° N., min. 
temp. 62° F.). Amiantis callosa Con., Area multicostata Sby., 
Atrina oldroydi Dali, Cardium elatum Sby., Cardium quadri - 
genarium Sby., Chione succincta Val., Chione fluctifraga Sby., 
Metis alta Con., Pecten cequisulcatus Carp., Pecten diegensis 
Dali, Pecten hastatus Sby., Phacoides richthofeni Gabb, Spisula 
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hemphilli Dali, Semele decisa Con., Astrcea undosa Wood, 
Conns calif ornicus Hds., Crucibulum spinosum Sby., Cyprcea 
spadicea Gray, Marex carpenteri Dali, Fusus barbarensis 
Trask, Gyrineuni calif ornicum Hds., Siphonalia kellettii Fbs., 
Trophon belcheri Hds., Trophon triangulatus Carp., Polinices 
recluzianus Desh., Strongylocentrotus franciscanus A g. 

V. Gulf of California (Cerros Island, Lower California, 
to Panama, lat. 28° to 8° 30' N., min temp. 68° F.). Area 
grandis Sby., Area multicostata Sby., Area pacifica Sby., Area 
tuberculosa Sby., Avicida peruviana Rv., Chione gnidia Sby., 
Chione neglecta Carp., Cardium procerum Sby., Codokia dis - 
tinguenda Tryon, Crassatellites gibbosus Sby., Dosinia dunkeri 
Phil., Dosinia ponderosa Gray, Macrocallista aurantiaea Sby., 
Macrocallista squalida Sby., Mactra exoleta Gray, Margariti - 
phora fimbriata Dkr., Miltha childreni Gray, Mulinia pallida 
B. & S., Ostrea palmula Carp., Pecten circularis Sby., Pecten 
dentatus Sby., Pecten subnodosus Sby., Spondylus crassisquama 
Lam., Cassis tenuis Gray, Cassis abbreviata Lam., Cerithium 
gemmatum Hds., Conus fergusoni Sby., Conus princeps L., 
Conus purpurascens Brod., Cuma kiosquiformis Duclos, Cy- 
prcea exanthema L., Dolium (Malea) ringens Swain., Eupleura 
muriciformis Brod., Fusus dupetithouarsi Kien., Ficus decus- 
satus Wood, Macron cethiops Rv., Macron kellettii Hds., Mitra 
tristis Brod., Murex radix Lam., Oliva araneosa Lam., Oliva 
porphyria L., Oliva splendidula Sby., Purpura hcemostoma L., 
Strombus gracilior Sby., strombus granulatus Gray, Strombina 
lanceolata Sby., Terebra robusta Hds., Turritella goniostoma 
Val., Turbo fluctuosus Wood, Arbacia stellata Gray, Cidaris 
thouarsii A g. & Desot., Encope californica Verrill, Encope 
grandis Ag., Encope micropora A. Ag., Mellita longifissa 
Mich., Clypeaster rotundas A. Ag., Hipponoe depressa Ag., 
Lovenia cordiformis Lutken, Pocillopora capitata Verrill, 
Porites compressa Verrill. 

Fossil Faunas. 

QUATERNARY. 

Manta , Ecuador , lat. 1° S., collected by B. Bryan. Area 
pacifica Sby., Area reversa Rv., Cardium consors B. & S., 
Cardium magnificum Desh., Cytherea multicostata Sby., 
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Chama frondosa Brod., Carditamera affinis Brod., Chione 
amalthusia Phil., Dosinia ponderosa Gray, Dosinia dunkeri 
Phil., Glycimeris giganteus Rv., Glycimeris inequalis Sby., 
Macrocallista auriantiaca Sby., Margaritiphora fimbriata Dkr., 
Mulinia pallida B. & S., Ostrea chilensis Phil., Pecten circularis 
Sby., Spondylus crassisquama Lam., Venericardia cuvieri 
Brod., Bullaria adamsi Menke, Cerithium adustum Kien., 
Conus princeps L., Conus purpurascens Brod., Conus virgatus 
Rv., Cymia tectum Wood, Latirus castaneus Rv., Latirus cer - 
atus Wood, Latirus varicosus Rv., Mur ex multicrisp at us Dkr., 
Mur ex radix Gmel., Oliva peruviana Lam., S trombus gracilior 
Sby., S trombus granulatus Gray, Terebra robusta Hds., Thais 
crassa Bl., Turritella goniostoma Val., Turbo saxosus Wood, 
Uvanilla olivacea Wood, Vasum muricatum Born, Vitularia 
salebrosa King. 

These species are all living now in the same region. The 
fauna is thoroughly tropical, and is probably very late 
Quaternary. 

Galapagos Islands. This fauna evidently belongs to the 
older Quaternary, since it contains a number of extinct species. 
The fossils collected several years ago by Mr. W. H. Ochsner 
for the California Academy of Sciences are now under investi- 
gation by Dr. Dali. No displacement of the isotherms is indi- 
cated, and none could be expected under the equator. 

Magdalena Bay , Loioer California , lat. 24° 30' N. Collected 
by R. G. McGregor and E. Call Brown. Area tubercidosa Sby., 
Cardium datum Sby., Cardium consors B. & S., Chione 
neglecta Carp., Macrocallista squalida Sby., Metis alta Con., 
Mulinia pallida B. & S., Pecten circularis Sby., Pecten sub - 
nodosus Sby., Tapes grata Say, Tellina punica Born, Astrcea 
undosa Wood, Cerithium adustum Kien, Cerithium gemmatum 
Hds., Cerithium ocellatum Hds., Cuma kiosquiformis Duclos, 
Conus princeps L., Conus purpurascens Brod., Eupleura muri- 
ciformis Brod., Macron cethiops Rv., Macron kellettii Hds., 
Murex festivus Hds., Oliva angulata Lam., Oliva araneosa 
Lam., Oliva porphyria L., Olivella biplicata Sby., Pleurotoma 
carpenteriana Gabb, Purpura hcemostoma L., Ranella califor- 
nica Hds., S trombus gracilior Sby., S trombus granulatus Gray, 
Terebra robusta Hds., Terebra specillata Hds., Terebra var- 
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iegata Gray, Turbo fluctuosus Wood, Turritella goniostoma 
Val., Dendraster excentricus Esch., Encope micropora A. A g. 

This fauna is probably lower Quaternary, for while the 
species are all living, several are not known so far south, 
some not south of California. This probably shows a slight 
southward displacement of the isotherm; but the temperature 
was probably not lowered below 68° F. 

The Quaternary fauna of San Ignacio Lagoon, lat. 27° N., 
collected by Henry Hemphill, is practically the same as that of 
Magdalena Bay. This is also true of that of Cerros Island, 
off Lower California, lat. 28° N., which is now the meeting 
place of the warm temperate fauna of California with that of 
the tropical Gulf of California. 

Southern California (San Diego to Santa Barbara, lat. 33°— 
34° N.). The Quaternary of southern California is well known 
through the work of Ralph Arnold 1 , under the name of the 
San Pedro formation. This formation has furnished a rich 
fauna of beautifully preserved forms, and the study of it has 
thrown much light upon the Quaternary history of the West 
Coast. Arnold divides the formation into two divisions : upper 
San Pedro and lower San Pedro. 

Lower San Pedro. This phase is best developed at San 
Pedro, near Los Angeles, but is also found at Ventura and 
Santa Barbara. Important members of the fauna are : Macoma 
calcarea Gmel., Marcia subdiaphana Carp., Pecten caurinus 
Gld., Pecten hastatus Sby., Panopea generosa Gld., Phacoides 
annulatus Rv., Venericardia babarensis Stearns, Amphissa 
corrugata Hds., Argobuccinum oregonense Redf., Boreo- 
trophon gracilis Perry, Boreotrophon stuarti Smith, 
Chrysodomus tabalatus Baird, Natica clausa B. & S., 
Tritonofusus rectirostris Carp., Turris perversa Gabb, 
(all Recent species in the cold water of the Puget Sound 
region) ; and Pecten jordani Arnold, Crepidula princeps Con., 
Pisania fortis Carp., extinct species. Of the whole fauna 
about 90 per cent are living, though mostly not in the southern 
California waters. The fauna indicates a temperature of about 
50° F., a displacement southward of the isotherms of 1500 
miles, and a lowering of temperature of about 12° F., as com- 

t Paleont. and Stratig. Marine Piocene and Pleistocene of San Pedro, California. 
<Mem. Calif. Acad. Sci., Vol. 3, 1903. 
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pared with the present. This epoch probably corresponds to 
the time of maximum glaciation of the continent. R. A. Daly 2 
has estimated that the general lowering of temperature at the 
maximum glaciation was about 14° F,, which agrees with the 
figure given. 

Upper San Pedro. This fauna is best known at San Pedro, 
Dead Man Island, and Santa Barbara; the beds in which it 
occurs lie unconformably above the lower San Pedro, and con- 
sist of unconsolidated sands, gently tilted. The time interval 
between the two formations is not long, but long enough for the 
climate to have changed entirely, for the temperature to have 
risen from 12° F. below the present to about 4° F. above the 
present; long enough for the isotherm of 50° F. to have been 
pushed far to the north, and for that of about 66° F. to have 
invaded southern California. Among the important species of 
the upper San Pedro are: Amiantis callosa Con., Cardium da- 
tum Sby., Chione succincta Val., Metis alta Con., Pecten cequi- 
sulcatns Carp., Pitaria nezvcombiana Dali, Astrcea undosa 
Wood, Chorus belcheri Hds., Gyrineum calif ornicum Hds., 
Siphonalia kellettii Hds., (all Recent species in southern Cali- 
fornia) ; and Cardium procerum Sby., Chione gnidia Sby., 
Chione neglecta Sby., Dosinia ponderosa Gray, Miltha chil- 
dreni Gray, Mactra exoleta Gray, Midinia grayi Dali, Pecten 
dentatus Sby., Pecten subnodosus Sby., Eupleura murici- 
formis Brod., Macron kellettii Hds., Nassa versicolor Adams, 
Mellita longifissa Mich, (all tropical species in Lower Cali- 
fornia or the Gulf of California) ; and Cancellaria tritonidea 
Gabb, Crepidida princeps Con. and Pisania fortis Carp., which 
are extinct. 

The upper San Pedro is not post-Glacial, the number of ex- 
tinct mollusca, about five per cent in a large fauna, being too 
great for that to be possible. It is probably interglacial. There 
was in Europe, after the second glaciation, a warm epoch in 
which the temperature of southern Europe was higher than 
that of the present. It may be that the upper San Pedro epoch 
corresponds to this. The cause of the rise was not local. 

We have no way of measuring the time that has elapsed 
since the upper San Pedro, but it was long enough for about 

3 Glacial control theory of coral reefs. <Proc. Amer. Acad. Arts and Sci. Vol. 5l„ 
No. 4, (1915) p. 168. 
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five per cent of the fauna to have become extinct entirely, for 
all the tropical Mexican and Panama species to die out locally, 
and for the general temperature to be lowered by about 4° F. ; 
also long enough for a considerable amount of deformation, ter- 
racing, and erosion to have taken place. 

San Francisco Peninsula, lat. 37° 30' N. The Pleistocene 
deposits of Seven Mile Beach, near San Francisco, contain a 
fauna very like that now living in the same region, with the 
exception of Natica clausa, which is not known south of Puget 
Sound. Further collecting would probably yield more northern 
species. 

Elk River, Cape Blanco (southwest Oregon, lat. 42° 50' 
N.). In the raised beach are found : Kennerleya grandis Midd., 
Macoma middendorffi Dali, Mya truncata L., Pectcn caurinus 
Gld., Saxidomus giganteus Desh., Spisula voyi Gabb, Veneri - 
cardia ventricosa Gld., Amphissa corrugata Hds., Argobuc- 
cinutn oregonense Redf., Bela harpa Dali, Bela tabulata Carp., 
Boreotrophon gracilis Perry, Boreotrophon stuarti Smith, Buc- 
cinum strigillatum Dali, Chrysodomus phceniceus Dali, Chryso - 
domus tabulatus Baird, Epitonium hindsi Carp., Natica clausa 
B. & S., Purpura foliata Gmel., Sipho halibrectus Dali, Solaris 
ella cidaris Adams, Trichotropis cancellata Hds., Tritonofusus 
rectirostris Dali, Turris perversa Gabb, (all northern or Puget 
Sound species), along with a considerable number of forms 
now living on the Oregon coast. This fauna indicates a tem- 
perature considerably lower than that now prevailing at Cape 
Blanco, and thus probably belongs to the lower San Pedro. 

Arnold and Hannibal 3 assign the Cape Blanco beds to the 
upper Pliocene, but the fauna listed by them is a mixture of 
Pliocene and Quaternary. Dali’s interpretation of the geology 
of Cape Blanco 4 was partly correct. 

Vancouver Island (near Victoria, lat. 48° 30' N.). Astarte 
alaskensis Dali, Cardium comoxense Dali, Cardium decoratum 
Grew., Leda fossa Baird, Macoma calcarea Gmel., Macoma 
krausei Dali, Mya truncata L., Pecten islandicus Muller, Saxi- 
cava arctica L., Serripes grcenlandicus Gmel., Natica clausa 
B. & S., Natica pallida B. & S. 

* Marine Tertiary Stratigraphy of the North Pacific Coast of America. <Proc. 
Amer. Phil. Soc. Vol. 52, No. 212, 1913, p. 595. 

* Bull. 196, U. S. Geol. Survey, (1902), p. 31. 



